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It has been established, both on morphological and physiological grounds that several kinds of filamentous 
nitrogen-fixing cyanobacteria can live in symbiosis with Encephalartos transvenosus. Although Nostoc 
commune is the commonest cyanobiont, other Nostoc spp. and an Anabaena sp. have also been isolated 
from the coralloid roots of this cycad species. In one case, two different cyanobionts were isolated from a 
single coralloid root. All the cyanobionts can grow heterotrophically in the dark provided either glucose or 
fructose is provided as sole energy source. 
Daar is op beide morfologiese en fisiologiese gronde vasgestel dat verskeie soorte filamentvormige stikstof-
bindende sianobakteriee in simbiose met Encephalartos trans venosus kan leef. Alhoewel Nostoc commune 
die algemeenste simbiont is, is ander Nostoc spp. asook 'n Anabaena sp. uit die koraalvormige wortels van 
hierdie broodboomsoort geisoleer. In een geval is twee verskillende soorte sianobionte uit 'n enkele 
koraalvormige wortel ge·isoleer. AI die sianobionte kan heterotrofies in die donker groei mits glukose of 
fruktose as enigste energiebron voorsien word. 
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Introduction 
Cyanobacteria living inside the coralloid roots of cycads 
have been identified by most authors as species of 
Anabaena or Nostoc (Reinke 1872; Grilli Caiola 1974, 
1975 , 1980; Grilli Caiola & de Vecchi 1980) . In a more 
recent and comprehensive study in which a species of 
Calothrix was also identified as a cyanobiont , Grobbe-
laar et al. (1987) found that different species of cyano-
bacteria can live in symbiosis with a single cycad species. 
Because no previous work on the specificity of the 
cycad-cyanobiont relationship has been reported and 
because the identification of the different cyanobionts 
thus far was based exclusively on the morphology of the 
isolated endophytes in culture, the present study was 
undertaken . In this study several isolates from different 
individuals of one cycad species were compared 
physiologically as well as morphologically. 
Materials and Methods 
Axenic isolates 
Cyanobionts were isolated from ten individuals of 
Encephalartos trans venosus Stapf & Burtt Davy growing 
in different habitats. Seven of the isolations were carried 
out as described by Grobbelaar et al . (1987) and the 
other three according to the method described by 
Bowyer & Skerman (1968) and G rilli Caiola (1972). 
The isolates , which initially all contained eubacterial 
contaminants, were purified by the methods described 
by Huang & Chow (1983) and maintained at 27°e. 
They were exposed daily from 04hOO to 20hOO to white 
!ip-ht v'ith an irradi1nce of 3 000 lux obtained from 
P:,iJir'· C·)ui W~I '= 'lei e' ,( , 1 ' ,e· 
Media 
Stock cultures of the isolates were maintained on 1.5% 
(m/v) agar slants of BG-llo medium, pH 8.0; a nitrate-
free form of the BG-ll medium of Stanier et al. (1971) 
supplemented with 0.01 M EPPS [N- (2-hydroxyethyl) 
piperazine-N-3-propanesulphonic acid]. Fructose, glu-
cose , ribose or sucrose was added (1 % m/v) to establish 
whether the isolates could utilize any of these sugars as 
the sole energy source for nitrogenase activity andlor 
dark heterotrophic growth. The sugars were sterilized by 
filtration and then added aseptically to the autoclaved 
BG-llo medium. These media will be referred to as 
sugar-BG-llo media . The BG-llo and glucose-BG-llo 
media were also enriched with NaN03 (1 % m/v) to test 
the effect of combined nitrogen on the isolates' 
nitrogenase activity. 
Dark heterotrophic growth 
Each isolate was taken from agar slants and grown in 
liquid sugar-BG-llo and incubated at 28°C in the dark . 
Growth was examined visually after 4 weeks of 
incubation. 
Nitrogenase activity in the dark 
To test different energy sources for their support of 
nitrogenase activity, each isolate was transferred to 
liquid BG-ll0 medium and incubated at 28°C under 
3 000 lux white light. Towards the end of the logarithmic 
phase of growth (about 2 weeks) , each culture was 
divided aseptically into six equal aliquots which were 
placed into serum bottles of 12 cm3 capacity. All six 
cliquots were enclosed in Jight-tight black plastic bags 
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added to four of them respectively . The four sugar-
enriched aliquots plus one sugarless aliquot were kept in 
darkness for another 12 h; the other sugarless aliquot 
was exposed to 3 000 lux white light for 12 h. All six 
aliquots were then assayed for nitrogenase activity under 
the conditions in which they were kept during the 
previous 12 h. 
To test the effect of combined nitrogen on the nitrog-
enase activity, each isolate was cultured in liquid BG-
110, liquid BG-11o with NaN03 and liquid glucose-BG-
110 with NaN03 at 28°C in 3 000 lux white light. After 
I week the isolates were assayed for nitrogenase activity. 
Nitrogenase activity was assayed by the acetylene 
reduction method (Dilworth 1966). Two cm3 liquid 
culture was placed in a 12-cm3 serum bottle and incuba-
ted with 10% acetylene for 4 h. A l-cm 3 gas sample was 
analyzed for its ethylene content at the beginning and 
end of the incubation period by means of a gas 
chromatograph equipped with a 2-m Poropak N column 
(int. diam . 3 mm) and a flame ionization detector. 
Chlorophyll a determinations 
Chlorophyll a content was determined after each nitrog-
enase assay in order to be able to express the nitrogenase 
activity on the basis of a unit of chlorophyll a . 
Cells from each isolate were collected by centrifuga-
tion at 10 000 x g for 10 min, transferred to 100% 
methanol and suspended in a waterbath at 60°C for 30 
min in sealed tubes. After centrifugation, the optical 
density of the supernatant was measured at 663 nm. The 
chlorophyll a concentration was calculated according to 
Mackinney (1941). 
Detection or phycobiliproteins 
To determine the presence of phycobiliproteins, the 
trichomes were lyophilized and extracted at room 
temperature with 0.01 M EPPS, pH 8.00, for 4 h. The 
particulate matter was removed by centrifugation and 
the absorption spectrum of the supernatant determined 
between 500 and 700 nm. 
According to Rippka et al. (1979) all cyanobacteria so 
far examined contain chlorophyll a, phycocyanin, 
allophycocyanin and allophycocyanin B. The only 
pigments whose presence or absence appear to be of 
determinative significance in the present case are C-
phycoerythrin (peak between 550 and 570 nm) and 
phycoerythrocyanin (565 nm with a shoulder at 590 nm). 
Results 
Morphological classification of the isolated cyanobionts 
All the original isolates were contaminated with 
eubacteria. Based on their morphology, nine of the ten 
cultures contained one type of cyanobacteria only, but 
UP-09 did contain two cyanobacterial types. This culture 
was obtained from a single transverse section of a 
surface-sterilized coralloid root by the method of 
Bowyer & Skerman (1968) and Grilli Caiola (1972). 
From this culture, the two cyanobionts UP-09A and UP-
09B were subsequently isolated. Except for the two UP-
09 isolates, the other cyanobionts were eventually 
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obtained in an axenic form. All the results below were 
obtained from the axenic cultures. Because the two UP-
09 cultures were not axenic, they were not used in the 
physiological experiments . 
Several of the morphological and pigmentation 
characteristics of the isolates are listed in Table 1 and 
were based on criteria used by Desikachary (1959) and 
Rippka et al. (1979) respectively. According to the 
criteria introduced by Rippka et al. (1979) for disting-
uishing between Anabaena and Nostoc , all the isolates 
except one were assigned to the genus Nostoc on the 
basis of the formation of hormogonia which were disting-
uishable from mature trichomes. These isolates, to a 
greater or lesser degree, have a characteristic nostoca-
cean developmental life cycle (Kantz & Bold 1969; 
Lazaroff 1973). 
Isolate UP-06 was assigned to the genus Anabaena 
because its cultures never contained hormogonia nor did 
it exhibit a characteristic nostocacean developmental life 
cycle. No further attempt was made to give a specific 
assignment to this isolate (Figure 1) . 
Five of the Nostoc isolates (UP-21, UP-32, UP-44, UP-
62 and UP-09B) corresponded to N. commune Vaucher 
as described by Desikachary (1959) (Figure 2). Isolates 
UP-09A corresponded to N. paludosum Kutz also 
described by Desikachary (1959). Both N. commune and 
N. paludosum had been isolated previously from the 
coralloid roots of E. transvenosus (Grobbelaar et al. 
1987). 
Isolate UP-lO was difficult to assign to a specific 
Nostoc species (Figure 3) . It would probably have been 
classified as an Anabaena species previously because it 
spread quickly over the solidified medium, never 
developing clearly defined colonies. According to 
Rippka et al. (1979), however, it must be assigned to the 
genus Nostoc because of the presence of hormogonia 
that are formed very rapidly in the culture. 
There was no certainty about the specific assignment 
of isolates UP-17, UP-27 and UP-61 to the genus Nostoc . 
Based on the morphology of the colonies, these isolates 
differ from the other Nostoc isolates and they also differ 
from each other (Table 1). 
Dark heterotrophic growth 
As can be seen from Table 2, the nine isolates tested 
were capable of dark heterotrophic growth albeit at a 
much slower rate than when growing autotrophically in 
the light. Of the sugars tested as sole energy source, 
glucose yielded the best growth in seven cases (78%) 
whilst the other two isolates (UP-32 & UP-61) did best 
on fructose. UP-32 could also use glucose and UP-61 did 
not grow in the dark with glucose as a sole energy 
source . Although glucose yielded the best results in most 
cases, all the isolates except UP-lO, could use fructose as 
a sole energy source. Sucrose and ribose did not sustain 
good growth with any of the isolates although they could 
be utilized by three and two isolates, respectively. UP-27 
was the only isolate that could use all the sugars tested . 
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Table 1 Morphological and pigmentation characteristics of the cyanobionts isolated from Encephalartos 
trans venosus coralloid roots 
Akinete 
Isolate Colonies Trichomes Heterocysts arrangem. 
UP-06 Round; soft Long & Usually not Not seen 
& smooth straight terminal; often 
in pairs 
UP-09A Micro Short & Usually single In series 
curved with & terminal; some-
sheath times loose 
UP-098 Irregular Aseriate; Terminal or loose Not seen 
shape punctiform 
UP-IO None; spreads Curved or Terminal or Not seen 
fast on agar straight intercalary 
UP-17 Irregular Curved or Terminal or loose Not seen 
shape not; aseriate 
UP-21 Irregular Curved ; Terminal or loose Not seen 
shape aseriate; 
punctiform 
UP-27 Round; do Curved ; Terminal or loose !n series 
not spread ; aseriate 
smooth; slimy 
UP-32 Irregular Curved or Terminal or loose Not seen 
shape ; straight; 
m uci lagenous aseriate 
UP-44 Irregular Curved; Terminal or loose Not seen 
shape aseriate ; 
punctiform 
UP-61 Irregular Long & Terminal or loose Not seen 
shape; straight 
mucilagenous 
UP-62 Irregular Short; Terminal or loose Not seen 
shape aseriate; 
punctiform 
*C-PE = C-Phycoerythrin , PEC = Phycoerythrocyanin 
Detection of phycobiliproteins 
Of the eleven cultures, only UP-06 and UP-lO contained 
C-phycoerythrin, whilst phycoerythrocyanin was detec-
ted in only UP-17, UP-21 and UP-61. 
Sugar as sole energy source for nitrogenase activity 
The isolates tested exhibited substantial nitrogenase 
activity when grown autotrophically (Figure 4). In the 
absence of a suitable energy source in the dark, none 
tested exhibited any measurable nitrogenase activity . 
Glucose and fructose, when provided as the sole 
energy source in the dark, supported substantial, but 
lower rates of nitrogenase activity in the case of eight of 
the nine isolates tested. The exception was UP-44 which 
showed very slight activity when supplied with glucose 
and virtually no activity with fructose. Sucrose supported 
Cell size (I x w in f.l.m) 
Colour & other 
characteristics veget heteTO akinete Identity 
dark blue-green; C-PE* 5.1 x 3.3 8.0 x 5.8 Anabaena 
present; no sheath or cylindr ellipt 
hormogonia observed 
dark green; sheath 3.1 x 2.8 4.4 x 4.2 8.9 x 7.0 Nosloc 
around microcolony; cylindr spheric cylindr paludosum 
hormogonia observed 
bright green ; sheath 2.9 x 3.0 5.0 x 4.0 Nosloc 
at punctiform stage; cylindr ellipt commune 
hormogonia observed 
olive-green; C-PE present ; 3.5 x 4.3 5.4 x 5.4 Nosloc sp. 
old trichomes form hormo- cylindr spheric 
gonia which move fast 
olive-green; PEC present ; 2.9 x 3.0 4.1 x 3.7 Nosloc sp. 
sheath at aseriate stage cylindr cylindr 
light green; PEC present; 2.0 x 3.0 3.3 x 4.0 Nos/oc 
sheath at aseriate stage; cylindr spheric commune 
hormogonia observed 
dark green; sheath at 2.9 x 3.3 4.6 x 4.4 5.1 x 4.5 Nosloc sp. 
aseriate stage cylindr spheric ellipt 
light green; sheath at 2.9 x 3.0 5.0 x 4.1 Nos/oc 
aseriate stage ; hormo- cylindr ellipt commune 
gonia rarely observed 
bright green ; sheath 2.9 x 3.0 4.0 x 4.0 Nostoc 
at aseriate stage cylindr spheric commune 
olive-green; PEC present; 3.7 x 4.0 6.0 x 5.0 Nos/oc sp. 
hormogonia observed cylindr ellipt 
bright green; sheath at 3.5 x 4.0 4.0 x 5.0 Nosloc 
aseriate stage; hormo- cylindr cylindr commune 
gonia observed 
substantial nitrogenase actIVIty \0 UP-17 and only 
slightly so in UP-27 and UP-32. Ribose supported nitrog-
enase activity very poorly; isolates UP-17 & UP-21 
yielding the best results with this sugar as sole energy 
source. 
Effect of combined nitrogen with or without glucose on 
nitrogenase activity 
The addition of combined nitrogen in the form of 0.1 % 
NaN03 , drastically reduced the nitrogenase activity of 
all nine isolates tested (Figure 5). The presence of 1.0% 
glucose, enhanced marginally the detrimental effect of 
nitrate in UP-06 and UP-44, but counteracted the detri-
mental effect of nitrate to a small extent in UP-32, UP-61 
and UP-62 and had no effect in the other cases. 
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Figures 1-3 Cyanobacteria isolated from Encephalartos trans venosus coralloid roots. la. Anabaena sp. UP-06, showing long 
trichome with heterocysts which are normally intercalary. lb. Anabaena sp . UP-06, showing a trichome which had two intercalary 
heterocysts in series and broke between the two heterocysts producing short trichomes with terminal heterocysts. 2a. Nostoc 
commune UP-32, showing long trichomes with terminal and intercalary heterocysts . 2b. Nostoc commune UP-32, showing aseriate 
stage. 2e. Nostoc commune UP-09B, punctiform aseriate stage. 3. Nostoc sp. UP-1O, showing curved and straight trichomes with 
terminal and intercalary heterocysts and a long mature hormogonium in the centre. (All magnifications are the same - see 
Figure 3) . 
578 
Table 2 Dark heterotrophic growth of 
cyanobionts in different media 
Isolates 
UP-06 
UP-IO 
UP-17 
UP-21 
UP-27 
UP-32 
UP-44 
UP-61 
UP-62 
BG-11o medium plus 
Glucose Fructose Sucrose Ribose 
++ 
++ 
++ 
++ 
++ 
+ 
++ 
++ 
+ 
+ 
+ 
+ 
++ 
+ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + Good growth; + poor growth ; - no growth after 
6 weeks 
Discussion 
From the work by Grobbelaar et al. (1987) and the 
present study, it would appear that although Nostoc 
commune is the most common cyanobiont of Encepha-
lartos trans venosus , several cyanobacterial species can 
live symbiotically with this cycad. Not only can different 
cyanobacteria simultaneously inhabit different clusters 
of coralloid roots on the same plant (Grobbelaar et al. 
1987) but more than one kind of cyanobiont can 
simultaneously inhabit the same coralloid root. Apart 
from Nostoc commune, N. paludosum and several other 
Nostoc species, an Anabaena species has been isolated 
from the surface-sterilized coralloid roots of 
Encephalartos transvenosus. Of the endophytes that 
S.-Afr.Tydskr. Plantk. , 1989, 55(6) 
could be identified to the species level in this study, 
Nostoc commune and N. paludosum were previously 
identified as endophytes of the coralloid roots of E. 
transvenosus Grobbelaar et al. (1987) . 
Although only certain strains of cyanobacteria can 
grow heterotrophically in the dark (Stewart & Gallon 
1980), the present results suggest that this property is 
common to all the cyanobionts of Encephalartos trans-
venosus . To grow and fix nitrogen in the dark when 
living symbiotically inside a cycad 's coralloid root would 
indeed appear to be an essential precondition for 
success . Likewise , the utilization of a common root 
metabolite such as glucose or fructose as sole carbon and 
energy source obviously would be a survival benefit as 
well. In this regard, it is surprising that the cyanobionts 
tested herein did not do well with sucrose as the sole 
energy and carbon source, as it is generally assumed 
(Huang & Chow 1988) that the cyanobionts in the coral-
loid roots of cycads depend heavily on sucrose 
transported from the leaves to the roots. 
Although the growth in the dark of most (78%) of the 
cyanobionts tested over an extended period during this 
study was best when they were supplied with glucose, 
fructose supported the nitrogenase activity of most 
(67%) of them better during a relatively short dark 
exposure. It is also interesting to note that although 
glucose enabled UP-61 to maintain a substantial nitrog-
enase activity in the dark, this isolate could not grow in 
the dark with glucose as a sole energy and carbon source. 
It is well known that nitrate will depress the nitrogen-
ase activity of some cyanobacteria (Grilli Caiola 1972; 
Stewart & Gallon 1980) . The antagonistic effect which 
glucose exhibits towards nitrate in this regard is poorly 
understood. In the present study such an effect of 
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Figure 4 Acetylene reduction activity , (ARA) of Encephalartos trans venosus cyanobionts under photoautotrophic and dark 
heterotrophic conditions. The sugarless dark treatment did not show any activity. 
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Figure 5 The influence of combined nitrogen (nitrate) with and without glucose on the acetylene reduction activity (ARA) of the 
cyanobionts isolated from Encephalartos transvenosus. 
glucose, when apparent, was rather small. The converse 
effect of glucose, which was most pronounced in the case 
of isolate UP-06 and UP-44 was more striking. In these 
cases it is conceivable that the deleterious effect of 
glucose on the nitrogenase activity, could be explained 
by a lack of A TP due to the competitive activity of 
hexokinase (Dixon & Wheeler 1986). 
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